The extent of linkage disequilibrium (LD) is an important factor in designing association mapping experiments. Unlike other plant species that have been analyzed so far for the extent of LD, cultivated potato (Solanum tuberosum L.), an outcrossing species, is a highly heterozygous autotetraploid. The favored genotypes of modern cultivars are maintained by vegetative propagation through tubers. As a first step in the LD analysis, we surveyed both coding and non-coding regions of 66 DNA fragments from 47 accessions for single nucleotide polymorphism (SNP). In the process, we combined information from the potato SNP database with experimental SNP detection. The total length of all analyzed fragments was over 25 kb, and the number of screened sequence bases reached almost 1.4 million. Average nucleotide polymorphism (θ = 11.5 × 10 -3 ) and diversity (π = 14.6 × 10 -3 ) was high compared to the other plant species. The overall Tajima's D value (0.5) was not significant, but indicates a deficit of low frequency alleles relative to expectation. To eliminate the possibility that an elevated D value occurs due to population subdivision, we assessed the population structure with probabilistic statistics.
species, cultivated potato (Solanum tuberosum L.) is a highly heterozygous autotetraploid species (2n = 4x = 48) with complex polysomic inheritance. Though the species is selfcompatible at the tetraploid level (but self-incompatible at the dihaploid level), SIMMONDS and SMARTT (1999) classify potato as outcrosser because it suffers from severe inbreeding depression that prevent development of homozygous lines. The heterogenous genotype of modern cultivars is fixed by vegetative propagation through tubers. Due to the narrow genetic base (LOVE 1999) and vegetative mode of propagation, most of the cultivars are highly related to each other (SIMKO 2004) and are separated by only a few meiotic generations (GEBHARDT et al. 2004) . On the other hand, wild Solanum is a highly diverse group of species with reference to their ploidy and mating type.
Total genomic DNA was extracted from fresh in vitro plants using the DNeasy plant mini-prep kit (QIAGEN, Valencia, CA) . Primers and conditions to amplify DNA fragments were the same as described in the PoMaMo database. The StVe1 locus was amplified according to specifications in SIMKO et al. (2004b) . PCR products were sequenced directly or cloned with the TOPO TA cloning kit (INVITROGEN, Carlsbad, CA.) first, if necessary. Direct sequencing of PCR products was carried in the absence of insertions and deletions (InDels). When InDels were present, PCR amplicons were cloned and 12 colonies per tetraploid accession or four colonies per diploid accession were sequenced (SIMKO 2004) . Amplicons from the monoploid (2n = 1x = 12) accession were used to identify DNA fragments containing paralogs, and such fragments were excluded from further data analysis. Nucleotide variations detected experimentally and in silico were then combined and analyzed with PolyBayes SNP detection software (MARTH et al. 1999) . To discern true allelic variations from sequencing errors PolyBayes considers alignment depth, the base quality, and base composition to calculate probability that the sequence represent true variants. This approach also helps eliminating PCR errors, unless they are occurring systematically in the exactly same DNA region.
Sequence variants were considered to be true SNPs when the PolyBayes probability score exceeded 0.99. Since all singletons had score <0.99, they were excluded from linkage disequilibrium analysis. Similarly, insertions and deletions were observed, but not used in data analyses.
Data analysis:
The level of genetic variation at the nucleotide level was estimated as nucleotide polymorphism (θ, WATTERSON 1975) and nucleotide diversity (π, TAJIMA 1983 ). Watterson's θ is based on the number of segregating sites, while Tajima's π is based on the pairwise differences between sequences in the sample. To test the neutrality of mutations, we employed Tajima's D test (TAJIMA 1989) that is based on differences between π and θ. Haplotypes in each fragment were identified from the cloned and sequenced PCR products or inferred with Haploview software (BARRETT et al. 2005 (RICKERT et al. 2003) . Fragments were included into the data analysis if sequence information for all alleles was available from at least 10 different accessions. Description of individual fragments and their position on the potato molecular linkage map is available in the PoMaMo database; StVe1 is described in SIMKO et al. (2004b) .
To identify fragments coding functional sequence, all fragments were compared with the existing Solanaceae EST (expressed sequence tag) and plant protein databases (NCBI -www.ncbi.nlm.nih.gov, SGN -www.sgn.cornell.edu, and TIGRwww.tigr.org). The region was considered a putative coding region if the scores from the EST (blastn) and protein (blastx) query were at least 200 and 100, respectively.
Chromatograms were viewed and aligned with BioEdit (HALL 1999) and Clustal X (THOMPSON et al. 1997) . Analyses of genetic variation were carried out using DnaSP sequence polymorphism software (ROZAS and ROZAS 1999) . Linkage disequilibrium (r 2005). In five cases, three different alleles per locus were detected in a few accessions.
Since Haploview cannot handle this type of data, the loci were 'diploidized' and the least frequent allele was discarded. Decay of LD with distance was estimated from a logarithmic trend line fit to the data (HAMBLIN et al. 2004; HYTEN 2005) . Population structure was evaluated using probabilistic statistics implemented in the program Structure (PRITCHARD et al. 2000) . Distances between surveyed loci were calculated from their respective positions on the molecular linkage map in the PoMaMo database (gabi.rzpd.de).
RESULTS

Sequence polymorphism:
To detect DNA sequence polymorphisms we surveyed 66 fragments with length (including InDels) in a range between ~100 and ~1100 bp.
Three quarters of fragments were between 250-650 bp long, 15% were shorter than 250 bp, and 10% were longer than 650 bp. Due to either failure of primers to amplify product or missing data in the PoMaMo database, not all accessions were always informative; therefore, the sample size for individual fragments differs. The total length of all analyzed amplicons was over 25 kb, and number of screened sequence bases reached almost 1.4 million ( Table 1 ). In total, we detected 1,145 sequence variants, of which about 95% were nucleotide substitutions and the remaining 5% were InDels. The most frequently observed types of nucleotide substitutions were bi-allelic transitions (C⇔T, A⇔G) followed by bi-allelic transversions (A⇔T, G⇔T, A⇔C, G⇔C). The transition/transversion ratio was close to 1.5, almost three times higher than would be expected if all nucleotide exchanges happen with the same frequency. On average, one (bi-allelic) SNP was observed every 24 bp; or every 23 bp if rare tri-and tetra-allelic substitutions are considered.
In general, nucleotide polymorphism (θ = 11.5 × 10 -3 ) and diversity (π = 14.6 × 10 -3 ) were high in the analyzed part of the potato genome. The values for polymorphism ranged from 1.9 × 10 -3 to 29.3 × 10 -3 , and for diversity from 1.6 × 10 -3 to 45.2 × 10 -3
( Figure 1ab ). Both nucleotide polymorphism and diversity was higher in non-coding than in coding regions. Within coding regions, synonymous levels of diversity were more than twice as common as non-synonymous levels of diversity (Table 1 ). Tajima's test of neutrality of mutations revealed a significant departure from neutral expectations in 9%
of the analyzed fragments ( Figure 1c ). All of these fragments showed positive D values indicating a deficit of low frequency alleles relative to expectation. The mean value of D for all fragments was 0.5, but the value was generally higher in non-coding than in coding regions (0.9 and 0.2 respectively, Table 1 ).
Linkage disequilibrium: LD between two loci in a genome can be estimated by a number of statistics, from which the most common are r 2 and D'. Both statistics have a range from 0 (equilibrium) to 1 (disequilibrium). Although neither r 2 nor D' perform extremely well with small sample sizes, we used the r 2 statistic, as it is indicative of how the marker might correlate with the allele of interest (FLINT-GARCIA et al. 2003) . Since most of the fragments are less than 1 kb long, the analysis reveals disequilibrium pattern at a short distance ≤ 1 kb. The r 2 value pooled over the entire data set shows a gradual decline in LD as a function of distance and reaches a value of ~0.21 at 1 kb ( Figure 2a ).
To observe decay of LD over distances longer than 1 kb, we calculated r 2 between polymorphic loci detected in different fragments, but originating from the same BAC clone. Since the average insert size in the BAC library is ~70 kb (RICKERT et al. 2003) and surveyed fragments corresponded to insert ends, an approximate distance between two loci within the same BAC clone can be calculated. In addition, the chromosomal location of all analyzed fragments is known (PoMaMo database) and therefore distance (in cM) between two polymorphic loci from different BAC clones can be inferred.
Average r 2 between two loci separated by ~70 kb was 0.14, which is substantially smaller than average values detected for the short-range (≤ 1 kb) LD (0.38). Additional analyses showed progressive decay of LD, and loci separated by more than 50 cM had an r 2 value of 0.08, only. The lowest LD was observed between unlinked loci from different chromosomes (r 2 = 0.06, Figure 2b ).
Population structure:
We did not observe population stratification in the surveyed set of accessions when all DNA fragments were included in the analysis together ( Fig. 3a) . Similar results were obtained when each chromosome was analyzed separately. The only case of evident population structure was detected in the BA121o1-T7
BAC clone when stratification analysis was carried on individual fragments (Fig 3b) . It is possible that the higher ratio observed in potato is indicative of regulatory or splicing functions of non-coding perigenic sequence (CARGILL et al. 1999) . Another plausible explanation is that sorting of surveyed sequences into the coding and non-coding regions in silico was not always accurate, leading to an increased ratio. To test accuracy of the sorting, the in silico approach was applied on known functional genes surveyed in this study. All of the tested fragments were correctly classified, indicating that the method The R1 gene for potato resistance to late blight (Phytophthora infestans) belongs locus in tetraploid potato (Solanum tuberosum) through a candidate gene approach. Theoretical and Applied Genetics 108: 217-224.
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